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(54) [Title of the Invention] LASER SYSTEM 

(57) [Abstract] 

[Object] To provide a small-sized laser system having a 
long life and capable of generating a laser beam having 
high-quality, which can be driven without supplying a high- 
voltage, high-speed and high-current pulse. 

[Construction] In a mode-locking Q-switching laser 
oscillator, a solid-laser medium is excited by laser light 
from a laser-diode array to generate a near-infrared region 
laser beam. This laser beam is amplified by a reproduction- 
amplification method laser diode excitation type pre- 
amplifier 2 using a similar solid laser medium and laser 
light and a two-pass amplification method laser diode 
excitation type main amplifier 3, and is led into a four- 
fold higher harmonic wave generator 4 including a nonlinear 
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crystal. The four-fold higher harmonic wave generator 4 
performs wavelength conversion on the near-infrared 
wavelength laser beam into an ultraviolet wavelength laser 
beam. 
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[Claim] 

[Claim 1] A laser system comprising: a mode-locking Q- 
switching solid laser including a laser medium generating a 
laser beam by being excited by laser light from a laser 
diode; 

at least one amplifier for amplifying the laser generated 
from the solid laser by the laser light from the laser 
diode; and a converter for converting a wavelength of the 
amplified laser beam* 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention 
relates to a laser system for converting a wavelength, and 
particularly to a laser system for generating ultraviolet 
laser having a short pulse width , high average output with 
high efficiency. 
[0002] 

[Description of the Related Art] Up to now, a discharge- 
excitation-type noble-gas-halide-excimer laser, that is to 
say, a KrF laser which generates a wavelength of 0.248 jum is 
known as a laser system generating an ultraviolet laser 
having a short pulse width and high average output with high 
efficiency. Such an excimer laser surely has a 
characteristic of having a short pulse width, high average 
output and high efficiency. However, in order to generate 



L 



ultraviolet laser by driving this, it is necessary to 
generate a high-voltage, high-speed, and high-current pulse 
discharge in an electric discharge tube. 
[0003] 

[Problems to be Solved by the Invention] In a known 
discharge-excitation-type noble-gas-halide-excimer laser , 
there are problems in that since it is necessary to generate 
a high-voltage, high-speed, and high-current pulse discharge 
in an electric discharge tube, (1) a life of a switching 
element in the power-source circuit of the laser is short, 
(2) noises from the power-source circuit may cause problems 
on peripheral devices, and (3) the miniaturization of the 
power-source circuit is difficult, etc* Furthermore, there 
is a problem in that the laser beam generated from such an 
excimer laser has poor quality. 

[0004] An object of the present invention has been made in 
view of the above described circumstances and is to provide 
a small-sized laser system having a long life and capable of 
generating a laser beam having high-quality, which can be 
driven without supplying a high-voltage, high-speed and 
high-current pulse. 
[0005] 

[Means for Solving the Problems] According to the present 
invention, there is provided a laser system including: a 
mode-locking Q-switching solid laser including a laser 
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medium generating a laser beam by being excited by laser 
light from a laser diode; at least one amplifier for 
amplifying the laser generated from the solid laser by the 
laser light from the laser diode; and a converter for 
converting a wavelength of the amplified laser beam. 
[0006] 

[Operation] The laser system of this invention is operated 
by a constant voltage and uses laser light for a highly 
efficient and long-life laser diode to excite a solid laser 
medium as a light source, and thus the overall system can 
have improved efficiency , can become highly repetitive , and 
can have a longer life and a smaller size. A laser beam 
having a near-infrared region short pulse width , for example, 
1 ns from the mode-locking Q-switching solid laser 
oscillator is amplified to high output by a solid amplifier, 
and then is converted into ultraviolet light by a four-fold 
higher harmonic wave converter using a nonlinear optical 
crystal. It is therefore possible to obtain a beam with 
high output power, having a small divergent angle and a 
single spectrum. In the case of adopting a reproduction 
amplification method as a solid-laser pre-amplif ier using 
the fact that a laser medium is an energy-storage type, 
laser light from the laser-diode array can be effectively 
used and can also serve a function of extracting a single 
pulse from a mode-locking pulse string, thereby making it 
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possible to achieve miniaturization. The beam amplified to 
a saturated energy strength by the pre-amplif ier is 
amplified by an inexpensive two-pass method main amplifier 
having a further simple structure, and thus conversion is 
performed on a laser-beam wavelength having a sufficient 
power, thereby the wavelength converted laser beam also has 
a sufficient power. 
[0007] 

[Embodiment] In the following, a description will be given 
of an embodiment of a laser 'system of the present invention 
with reference to the drawing. 

[0008] Fig. 1 is a block diagram illustrating a laser 
system according to an embodiment of the present invention. 
Reference numeral 1 denotes a mode-locking Q-switching solid 
laser oscillator for oscillating a laser beam having 
substantially a pulse width of 1 ns or less and a near- 
infrared region wavelength of 1.06 |mm. In the laser 
oscillator 1, a Nd:YAG disc is disposed in an optical 
resonator as a solid-laser medium, and this solid-laser 
medium is excited by excitation laser light from a laser- 
diode array to propagate the laser light in the resonator. 
This laser light is propagated through an etalon plate, a Q 
switch and a forced-mode locking element disposed in the 
resonator in the same manner. The laser light is wavelength 
selected by the etalon plate and is tuned by the Q switch, 



and is locked by an external signal by a forced-mode locking 
element to be led out of the optical resonator as a single 
lateral-mode mode-locking pulse string to produce a stable 
laser light. 

[0009] The near-infrared region pulse laser beam led from 
the mode-locking Q-switching solid laser oscillator 1 is led 
into a reproduction-amplification method solid laser pre- 
amplifier 2. The pre-amplif ier 2 includes a laser-diode 
array for similarly generating excitation laser light, a 
Nd : YAG disc as a solid-laser medium illuminated by 
excitation laser light from the laser-diode array disposed 
in the optical resonator, and a Pockels polarization switch. 
The laser beam incident on the laser medium is reproduced 
and amplified in the laser medium by the excitation laser 
light, and only a signal pulse of the locking pulse string 
is selected by the Pockels polarization switch. Thus, in 
the laser medium, the energy stored therein is consumed for 
reproduction and amplification of only a single pulse. When 
energy sufficiently extracted from the laser medium is given 
to the laser beam so that the laser beam reaches to 
saturated energy strength, the laser beam is led outside of 
the pre-amplif ier 2 from the optical resonator. 
[0010] The laser beam from the pre-amplif ier 2 is further 
led into a two-pass amplification method solid laser main 
amplifier 3. The solid laser main amplifier 3 has a simpler 



structure compared with the pre-amplif ier 2. In the same 
manner as the pre-amplif ier 2, the solid laser main 
amplifier 3 includes a laser-diode array for similarly 
generating excitation laser light and a Nd : YAG disc as a 
solid-laser medium illuminated by excitation laser light 
from the laser-diode array disposed in the optical resonator. 
The laser beam led into the main amplifier 3 goes and comes 
back through the solid-laser medium therein to be amplified 
to high output , and is led outside of the resonator* 
[0011] The laser beam amplified by the main amplifier 3 is 
led into a four-fold higher harmonic wave generator 4. This 
four-fold higher harmonic wave generator 4 includes a non- 
linear optical crystal such as a BBO and coverts the 
incident laser beam having a wavelength of 1.06 fjm into a 
four-fold harmonic wave. Accordingly , the four-fold higher 
harmonic wave generator 4 outputs an ultraviolet region 
laser beam having a wavelength of 0.266 |um corresponding to 
the four-fold the wavelength of 1.06 pm. 

[0012] In the above-described embodiment , a description has 
been given of an example using Nd : YAG , etc., as a solid 
laser medium. However, a solid laser material having 
transition in a 1 f>im band may be used as a solid laser 
medium in addition to NdrYLF, etc. Also, an example using a 
BBO as a non-linear optical crystal has been shown. However, 
it is possible to use LBO or KD*P. 
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[0013] As described above, in the laser system shown in Fig. 
1, the laser beam oscillated in the near-infrared region 
from the solid laser oscillator 1 is amplified by the pre- 
amplifier 2 and the main amplifier 3, and then is converted 
into a laser beam having an ultraviolet region wavelength by 
the four-fold higher harmonic wave generator 4 . Such a 
laser system is capable of generating an ultraviolet laser 
beam having a high average output, and it is not necessary 
to generate a high voltage as a system to supply a high- 
current pulse to the laser device. It is therefore possible 
to make the system itself small in size to achieve a long 
life. Furthermore, it is possible to generate a laser beam 
having a good beam quality. For a system for generating an 
ultraviolet laser beam, it is possible to provide a new 
solid laser oscillator replaced by a discharge-excitation- 
type noble-gas-halide-excimer laser, in particular, a KrF 
laser for generating a wavelength of 0.24 8 ^tm* In this 
regard, it is possible to output a laser beam in the other 
wavelength region without limiting to an ultraviolet region 
by appropriately replacing the oscillation wavelength and 
the converted higher harmonic wave by selecting the laser 
medium of the solid laser oscillator 1 and the material of 
the nonlinear element of the four-fold higher harmonic wave 
generator 4 . 
[Advantages ] 
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[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a block diagram illustrating a laser 
system according to an embodiment of the present invention. 
[Reference Numerals] 

1 ... solid laser oscillator 

2 . . . pre -amplifier 

3 ... main amplifier 

4 ... four-fold higher harmonic wave generator 
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